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ABSTRACT Periodic sampling of 87 independent monitors, initially active with the Formosan
subterranean termite, Coptotermes formosanus Shiraki, was conducted. Monitors, located in eight
sectors adjacent to seven buildings, were various distances (1-46 m) from 57 trees treated with 0.1%
imidacloprid foam. Termites collected from six of the eight sectors showed latent mortality attributed
to imidacloprid intoxication at all monitor-tree distances. Approximately 6 mo after treatment, termite
populations had recovered in these sectors. Another sector showed termite population suppression
for ~15 mo, followed by recovery. Imidacloprid tree treatments did not control C. formosanus
populations in independent monitors adjacent to the treatments.
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TOTAL ECONOMIC LOSS DUE to termites in the United
States was estimated at $1.7 billion per year (Gold et al.
1996). The Formosan subterranean termite, Cop-
totermes formosanus Shiraki, is native to Asia (Bouillon
1970), but has been introduced into the southern
United States where it has become a devastating
pest (Su and Tamashiro 1987). C. formosanus in-
festations of living trees are common in the New
Orleans, LA area (Osbrink et al. 1999). These infes-
tations go undetected until the termite population
becomes so great as to cause structural failure of
the tree or the occurrence of some external signs
such has mudding of cut or broken limb scars or the
appearance of dispersal flight launching tubes during
the spring swarming season. Control of termite pop-
ulations in trees is critical because of the danger of
falling trees or tree limbs, the esthetic and historic
importance of trees to greater New Orleans, and the
threat of these termite populations moving into and
destroying urban structures (Osbrink et al. 1999). One
hypothesis suggests that termites will continue to for-
age into treatments of slow-acting, nonrepellent in-
secticide, resulting in elimination of termite popula-
tions in areas adjacent to the treatments (Thorne and
Breisch 2001). One such slow-acting, nonrepellent
insecticide is the new generation neonicotinoid imi-
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dacloprid (Matsuda et al. 2001). Imidacloprid, a nic-
otine analog, is an insect specific agonist of nicotinic
acetylcholine receptors that appears to be nonrepel-
lent to termites (Thorne and Breisch 2001, Matsuda
et al. 2001). The objective of this research was to
determine if treatment of trees with this new gener-
ation, slow-acting, nonrepellent insecticide would
control C. formosanus populations in areas adjacent to
those treatments.

Materials and Methods

In 1999, the ~40 ha University of New Orleans
(New Orleans Parish, LA) lakeside campus was sur-
veyed for subterranean termites using with placement
of pine stakes (2 by 4 by 20 cm) resulting in 87 bucket
trap termite monitors (Su and Scheffrahn 1986) active
with C. formosanus (Fig. 1). Termites were identified
from Scheffrahn and Su (1994) and Su etal. (1997). On
10-15 March 2000, pest management professionals
drilled and foamed 57 trees (Fig. 1) with 0.1% imida-
cloprid (Premise). Criteria for tree treatment was >25
cm diameter with a cavity to accept the foam. Foam
was applied to fill the tree cavity until foam was ex-
pelled from companion holes, the volume varied with
each application. A number of tree species were
treated including live oak, Quercus virginiana Mill;
hybrid oaks, Quercus spp.; Baldcypress, Taxodium dis-
tichum Rich; maples, Acer spp.; pine, Pinus spp.; birch,
Betula spp.; mulberry, Morus spp.; magnolia, Magnolia
spp.; and palms of unknown spp. Tree treatments and
monitors were grouped into eight sectors located
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Fig. 1.
circles), and relevant buildings (open polygons).

around seven buildings (Fig. 1; Table 1). Sectors were
defined as follows: Administration building (Ad.),
Cove, Liberal Arts Building atrium (L.A.B.), Liberal
Arts building Friendship Circle (L.A.B.F.C.), Univer-
sity Center (U.C.), Biology building (Bio.), Engineer-
ing building (Eng.), and Dormitory (Dorm). Begin-
ning February 2000, C. formosanus were collected

Table 1. U.N.O. C. formosanus monitors and treated trees
Trees After treatment %
No. monitors with
Location traps Dist termites all dates
i No. S anbce combined mean
(m) (+ SD)*
Ad. 7 7 1-30 42.9 + 9.2ab
Cove 16 8 3-30 39.0 * 16.6abc
L.AB. 5 8 30 27.7+16.2¢
LABF.C 10 8 1-8 53.3 * 14.0a
U.C 19 5 1-46 35.4 + 14.7bc
Bio. 4 7 1-12 47.8 = 19.8ab
Eng. 6 6 6-30 50.0 = 19.0a
Dorm 20 8 2-12 9.0 +14.2d
F=1258
df = 7,112
P < 0.0001

“ Means followed by the same letter are not significantly different,
LSD; P < 0.05.
> Trap to treated tree minimum distances in meters (m).
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from monitors approximately monthly and maintained
in the laboratory on stacked, moistened spruce (Picea
sp.) slats (10 by four by 0.5 cm) in plastic containers
(13 X 13 X 4 cm) at ~100% RH and ~27°C. Healthy
termites fed, produced carton material, sought har-
borage, and survived for months. Termites intoxicated
with imidacloprid did not feed, produce carton ma-
terial, seek harborage, or survive beyond 14 d. When
this latent mortality was incorporated into statistical
analysis, figures, or tables, a negative value was tabu-
lated and assigned to the collection date. Number of
workers collected from each monitor was estimated
by subtracting the total weight of soldiers and brachy-
pterous nymphs from the total weight of termites
collected (individual weights calculated by weighing
four groups of 10 workers, soldiers, and brachypterous
nymphs). Mean number of workers collected per sam-
pling date was calculated from total workers collected
per sector and analyzed with analysis of variance
(ANOVA). Means were separated using an unpro-
tected Fisher least-significant difference (least signif-
icant difference [LSD]) test (P < 0.05; PROC GLM,
SAS Institute 1990). Mean number of workers per
monitor per sector per collection date was calculated
by dividing number of workers collected by number
of monitors per sector and analyzed using ANOVA
(PROC GLM, SAS Institute 1990). Means were sep-
arated using an unprotected LSD test (P < 0.05; PROC
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Table 2. All C. formosanus workers trapped
b Termites trapped (Mean = SD) X 1,000 % monitors
ate Total No. Total No. (—)” Mean Mean (—) with termites
2/08/00 1.4+ 1.7a 1.4 + 1.7Bc 0.1 *0.2e 0.1 = 0.2def 11.7 = 8.6e
3/28/00 12.8 = 10.6a 8.5 = 6.2abc 1.2 + 0.7bcde 0.9 * 0.8bcd 52.7 + 15.3a
6/01/00 9.1 *99a 8.3 = 10.2abc 1.2 + 1.6bcde 1.0 = 1.5bed 36.0 = 18.1abed
6/14/00 8.5 * 8.6a —3.9 *6.8¢ 1.0 = 1.4cde —0.5 = 1.0er 26.7 + 27.5cde
6/28/00 11.5 £ 10.2a —3.0 £10.2¢c 1.4 + 1.6bcde —-0.7 = 1.7f 31.3 + 23.9cde
7/13/00 11.1 £89a 0.8 = 7.8bc 1.3 + 0.8bcde 0.1 = 1.0def 30.4 + 21.4bcde
7/31/00 11.4 + 12.8a 4.4 * 8.0abc 1.0 = 1.1cde 0.6 * 0.8cdef 36.2 = 21.5abed
9/01/00 20.0 = 16.6a 18.0 + 16.8ab 2.4 + 2.6ab 2.1 = 2.6ab 45.0 + 19.7abc
10/10/00 23.8 = 31.5a 15.0 = 14.2abc 1.3 = 0.5bcde 1.2 + 0.5bed 46.4 * 20.7ab
1/10/01 8.9 * 5.4a 8.9 * 5.4abc 0.8 * 0.4de 0.8 * 0.4cde 39.1 = 17.8abc
2/20/01 10.5 £ 6.9a 10.5 + 6.9abc 1.3 = 1.1bcde 1.3 = 1.1bce 37.2 + 18.5abce
4/12/01 12.6 = 10.7a 12.6 = 10.7abc 1.6 = 1.6bce 1.6 = 1.6bc 40.0 + 23.9abc
5/11/01 21.0 +9.1a 21.0 = 9.1a 2.2 * 1.1abc 2.2 = 1.1ab 43.3 = 17.8abc
6/11/01 22.8 = 12.2a 22.8 = 12.2a 3.0 = 2.5a 3.0+ 2.5a 43.6 + 19.7abc
7/26/01 19.8 £ 12.9a 19.8 + 12.9ab 1.6 = 0.7bcd 1.6 = 0.7bc 35.9 + 17.7abc
8/20/01 15.1 = 14.2a 15.1 = 14.2abc 1.4 = 1.3bcde 1.4 = 1.3bce 28.2 = 19.5bcde
F=154 F = 4.06 F = 0.0257 F =414 F =207
df = 16, 119 df = 16, 119 df = 16, 119 df = 16, 119 df = 16, 119
P = 0.0967 P < 0.0001 P = 0.0257 P < 0.0001 P =0.0142

“Means within a column with the same letter are not significantly different, LSD; P < 0.05.

P Latent mortality assigned a negative value.

GLM, SAS Institute 1990). Proportion of monitors
with termites per sector per collection date was cal-
culated by dividing the number of monitors with ter-
mites by the total number of monitors in the sector.
After treatment mean proportion of monitors with
termites by sector, all dates combined, was trans-
formed by arcsine square root and analyzed by
ANOVA with means separated using an unprotected
LSD test (P < 0.05; PROC GLM, SAS Institute 1990)
and converted back to percentage. Pearson correla-
tion coefficient was computed between number of
workers trapped or number of workers displaying la-
tent mortality and trap-tree distance.

Results and Discussion

Diagnostic behavioral changes and latent mortality
attributed to imidacloprid intoxication of C. formosa-
nus collected from monitors and maintained in the
laboratory are consistent with studies on Reticuli-
termes sp. (Thorne and Breisch 2001, Boucias et al.
1996, Ramakrishnan et al. 2000). Combining all after
treatment collection dates, the Dorm sector had sig-
nificantly fewer monitors occupied by C. formosanus
(9.0 £ 14.2%) than any other sector (>27%) over the
17-mo sampling regime (Table 1; Fig. 7). No signifi-
cant reduction occurred in mean total number of ter-
mites collected for any date after treatment (Table 2).

Table 3. C. formosanus workers trapped by sector Table 4. C. formosanus workers trapped by sector
Termites trapped (Mean = SD) X 1,000 Termites trapped (Mean = SD) X 1,000
Date Date
Ad. Cove L.AB. LABF.C. U.C. Bio. Eng. Dorm
2/08/00 0.5 * 1.4b 0.2 = 0.6cde Oc 0.1 =0.2bce  2/08/00 0.0 =0.1c Obcde 0de 0.2 = 0.4c
3/28/00 01 *15b 08 *=33bcde 1.3*2labc 02=*04bce  3/28/00 09 *1.6bc 2.0 *22bce 24+*28bce 0.3=09c
6/01/00 0.5 = 2.3b 0.1 = 0.3de 0.8 = 1.8bc 1.0 + 1.5abc 6/01/00 0.9 + 1.4bc Obcde 4.7 * 6.4abce Oc
6/14/00 0.1 *19b —05=*1.5e —-04*+08c —1.0*20cd 6/14/00 02 *20c —4.5* 8.6e 0de Oc
6/28/00 0.4 = 0.9b 0.2 * 0.7cde Oc —1.6 =2.9d 6/28/00 0.1 *19c —23*47de —4.6*72e 0.3 *=1.2¢
7/13/00 0.4 *=2.9b 0.5 + 3.3bcde 2.1 = 4.6abc —1.6 + 2.3d 7/13/00 Oc —1.4+25cde 02=*45cde 02=*0.7c
7/31/00 0.7 £12ab —0.5=* 1.8e 0.1 £0.2¢ 2.2 + 4.3ab 7/31/00 0.4 *3.lc 0.5 + 1.0bcde 1.5 = 2.0bce Oc
9/01/00 1.6 +2.1ab 1.4 + 2.0bc 19 = 26abc 02 *=42bce  9/01/00 1.6 =25abc 1.3+ 18bce 84 =*79a 0Oc
10/10/00 1.2 =21ab 2.8 *32a 1.5+ 22abc 1.3 % 1.6ab 10/10/00 1.3+ 32bc 14+ 15bce 14 *25bce 03 *12¢c

1/10/01 1.1 =1.9ab 0.7 *=12bcde 1.4 =*21abc 1.3 =* 1.3ab 1/10/01 1.0 =2.6bc 0.1 = 0.2bcde 0.6 = 0.9cd 0.7 = 2.0bc
2/20/01 09 = 1.3ab 0.8 = 1.3bcde 4.3+ 6.7ab 2.0 % 1.7ab 2/20/01 0.4 £0.8c 2.1 = 24bed 1.6 * 2.2bce Oc
4/12/01 1.9+ 35ab 0.3+ 05cde 1.2 *2.0abc 0.7 = 0.7abc 4/12/01 1.3 *22bc 4.0 *6.2abc 5.0 + 3.2abc Oc
5/11/01 1.9 *25ab 1.8 = 3.0ab 50*51a 1.7 = 1.6ab 5/11/01 1.0 £19bc 5.2 = 3.6ab 15*23bed 2.0 *59ab
6/11/01 3.2 = 5.0a 1.3*+20bce 34=*51labc 28 *3la 6/11/01 0.8 = 1.5bc 95*=99a 6.2 * 5.4ab 0.1 = 0.4c
7/26/01 1.7+28ab 0.7 % 1.6bcde 22+ 3.8abc 1.3 % 1.6ab 7/26/01 2.6 = 44ab 1.2 * 24bcde 2.7 +39bed 0.8 + 2.3bc
8/20/01 2.4 *33ab 1.5=* 21bc 3.1 = 42abc 04 *06bce  8/20/01 09 * 1.7bc Obcde 3.7+ 6.6abcd 24 *53a

F =090 F =318 F=119 F =267 F=145 F =236 F =283 F=195

df = 16,102 df = 16,272 df = 16,68 df = 16, 136 df = 16,280 df =16,51 df=16,85 df = 16, 289

P =0.5714 P < 0.0001 P =02982 P =0.0011 P =0.1184 P =10.0105 P=00010 P=00160

Latent mortality assigned a negative value. Means within a column
with the same letter are not significantly different, LSD; P < 0.05.

Latent mortality assigned a negative value. Means within a column
with the same letter are not significantly different, LSD; P < 0.05.
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Fig. 2. Number of C. formosanus workers trapped in Ad. sector by trap and collection date. Latent mortality assigned a
negative value. Trap to tree distance indicated in meters (M). Trees treated in March 2000 (arrow).

Incorporating latent mortality, only three collection
dates (14 June, 28 June, and 13 July 2000) had a
significantly lower total mean number of termites
collected than May and June 2001. Average mean
number of termites collected after treatment in 2000
was only significantly less than the 11 June 2001 col-
lection (Table 2). Including latent mortality, only
the average mean number of termites collected
three and 4 mo after treatment (14 June 2000, 28 June
2000, and 13 July 2000) was significantly less than
similar collection dates from the following year
(Table 2). Significant reduction in the mean percent-

age of all traps with termites occurred only at 3-4 mo
after treatment when compared with March 2000
(Table 2).

Incorporating latent mortality, the Admin. sector
had significantly (LSD P < 0.05; ANOVA not signifi-
cant) fewer termites collected 2 wk to 4 mo post-
treatment (2000) compared with the 11 June 2001
collection (Table 3). Latent mortality occurred in
collections from monitors both near (<8 m) and far
(>8 m) from the treatments, with no time lag asso-
ciated with increased distance (Fig. 2). There were no
correlations either between number of termites col-
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Fig. 3. Number of C. formosanus workers trapped in Cove sector by trap and collection date. Latent mortality assigned
a negative value. Trap to tree distance indicated in meters (M). Trees treated in March 2000 (arrow).

lected or occurrence of latent mortality and monitor-
to-treatment distance. Results were similar for the
Cove, LAB., LABF.C,, U.C, Biol., and Eng. sectors
(Tables 3 and 4; Figs. 3). Numerous collections of
negative and zero mean numbers of termites occurred
in these sectors 3-4 mo after treatment (Tables 3 and
4; Figs. 2-6). The Dorm sector differed from the other
seven sectors with significant suppression of termite
populations lasting 14 -15 mo after treatment (Table 4;
Figs. 5 and 7).

With the exception of the Dorm sector, the effect of
tree treatments on termite populations in areas adja-
cent to the treatments was short lived (<6 mo). The
Dorm sector differed from the other sectors in being
located in an ecological peninsula with three sides not
conducive to termites. South and West of the Dorm
were roads, and east was a parking lot (Fig. 1). Thus,
repopulation of the Dorm sector probably occurred
only from the North or from galleries bridging a sizable
distance under the roads or parking lot. The different
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response of the termite population in the Dorm sector
could also reflect a difference in insecticide susceptibility
(Thorne and Breisch 2001, Ramakrishnan et al. 2000,
Osbrink et al. 2001), or native entomopathogens (Bou-
cias et al. 1996, Ramakrishnan et al. 1999).

The occurrence of imidacloprid-intoxicated ter-
mites 46 m from the treatment site, UCI1 (Fig. 4),
is remarkable. Foaming of trees potentially treats

hundreds of thousands of C. formosanus directly
(Osbrink et al. 1999), representing a profound chal-
lenge to the termite population. Imidacloprid is also
transferred easily from living termites to intoxicate
naive nest mates (Thorne and Breisch 2001) poten-
tially resulting in spread of the toxicant throughout
the population. Imidacloprid potentiates native
entomopathogens (Boucias et al. 1996, Ramakrishnan
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Fig. 5. Number of C. formosanus workers trapped in Bio., Eng., and Dorm sectors by trap and collection date.
Latent mortality assigned a negative value. Trap to tree distance indicated in meters (M). Trees treated in March 2000

(arrow).

et al. 1999), further challenging the population. For
populations to survive and recover, as shown in this
study, termites must not have continued to forage
in treated trees, or the toxicant is ephemeral. If imi-

dacloprid is innately nonrepellent, secondary repel-
lency may be occurring. Secondary repellency has
been demonstrated with chlorpyrifos and attributed
to the accumulation of dead termites (Su et al. 1982).
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Fig. 6. Number of C. formosanus workers trapped in all
sectors by monitor and collection date with latent mortality
assigned a negative value (top). Percentage of traps produc-
ing workers that displayed latent mortality by sector and
collection date (center). Percent traps which produced
workers by sector and collection date (bottom).

Regardless, tree treatments with this new generation,
slow-acting, nonrepellent insecticide did not control
C. formosanus populations in areas adjacent to the
treatments.
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Fig.7. Percent traps that produced C. formosanus workers and workers that displayed latent mortality by collection date
and sector.
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